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Examiner /Art Unit: 
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Serge Gidon, Engin Molva, and Philippe Thony 
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Concurrently 

Unknown 

IMPLEMENTATION OF ULTRAHIGH 
FREQUENCY EMITTERS AND APPLICATIONS 
TO RADARS AND TELECOMMUNICATIONS 

PRELIMINARY AMENDMENT 



BOX PCT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 

If any charges or fees must be paid in connection with the following 
connmunication, they may be paid out of our Deposit Account No. 25-0115. 

Prior to initial examination, please amend the above-identified patent 
application as indicated below. 



In the Specification; 

Page 1 line 15, please change "fibre" to ~ fiber - . 

Page 2, line 11, please change "fibres" to - fibers - . 

Page 7, Ime 8, please change "fibres" to ~ fibers ~ . 

Page 9, line 15, please change "fibres" to ~ fibers ~ . 

Page 10, line 3, please change "fibre" to ~ fiber ~ . 

Page 13, line 2, please change "fibres" to - fibers - . 

Page 15, line 4, please change "fibre" to ~ fiber ~ . 

Page 19, line 8, please change "neighbouring" to - neighboring ~ . 

Page 21, line 14, please change "centre" to ~ center ~ . 



Gidon et al. 

Preliminary Amendment 
Page 2 

Page 23, line 8, please change "fibres" to ~ fibers — ; 

line 21, please change "fibres" to ~ fibers ~ ; 

line 25, please change "fibres" to — fibers — ; 

line 28, please change "fibres" to - fibers - . 
Page 24, line 1, please change "fibres" (both occurrences) to 

~ fibers ~ . 

Page 25, line 11, please change "fibre" to -- fiber — ; 

line 14, please change "fibre" to - fiber ~ ; 
line 15, please change "fibres" to ~ fibers ~ ; 
line 20, please change "fibre" to ~ fibers ~ ; 
line 23, please change "fibres" to ~ fibers ~ ; 
line 26, please change "fibres" to ~ fibers ~ . 

In the Claims: 

Please cancel claims 1-24 and replace with new claims 25-45. 

25. (New) An ultrahigh frequency emitting device, having a 
plurality of N laser emitter pairs, each said laser emitter pair having a first and a 
second laser emitter emitting at a first and a second frequency Wi, Wj, respectively, 
which are different; a number of N elements, each being placed in the path of said 
second laser emitter of one of said laser emitter pairs, and each said element 
adapted to impose a phase delay on the beam of said second laser emitter; means 
for slaving each said laser emitter pair, in a fi-equency-wise manner and phase-wise 
manner, and optionally in an amplitude-wise manner; a number of N means for 
mixing each of the beams emitted by said first emitters with each of the beams 
emitted by said second emitters, and delayed by said elements thereby imposing a 
phase delay, and producing a number of N signals at the frequency cOi-Wj; and a 
number of N antenna-forming means for emitting radiation at the frequency co 1-002. 
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26. (New) The device of claim 25, wherein said laser emitters are 

microlasers. 

27. (New) The device of claim 25, wherein said elements imposing 
a phase delay are selected from the group consisting of electro-optical, magneto- 
optical, and thermo-optical elements. 

28. (New) The device of claim 25, wherein said frequency slaving 
means comprises means for forming a beat signal from the beams emitted by said 
first and second lasers of each said laser emitter pair, and means for adjusting the 
emission frequency of one of said laser emitters of said laser emitter pair according 
to the beat signal. 

29. (New) The device of claim 28, wherein said means for 
adjusting the emission frequency comprises means for comparing the beat signal to 
a reference signal provided by a reference source, and means for modifying an 
optical length of a cavity of said laser emitter for emission frequency adjustment. 

30. (New) The device of claim 29, wherein said source is common 
to all the laser emitter pairs. 

31. (New) The device of claim 25, which further comprises means 
for slaving said phase delay according to a beat signal between the beam which 
passes through said phase delay element of the array and another beam. 

32. (New) An ultrahigh frequency emitting device, having a 
plurality of N laser emitter pairs, each said laser emitter pair having a first and a 
second laser emitter emitting at a first and a second frequency cOi, coj, which are 
different; means for slaving each said laser emitter pair in a frequency-wise 
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manner; means for modifying the frequency of one of said laser emitters of at least 
one said laser emitter pair with respect to the frequency of the other laser emitter of 
said laser emitter pair; a number of N means for mixing each of the beams emitted 
by said first emitters with each of the beams emitted by said second emitters, and 
for producing a signal at the frequency Wi-cOj; a number of N antenna-forming 
means for emitting radiation at the frequency coi-coj. 

33. (New) The device of claim 32, wherein said laser emitters are 

microlasers. 

34. (New) The device of claim 32, wherein said first and second 
laser emitters are constituted by a dual frequency source, emitting at the respective 
frequencies Wj and coj. 

35. (New) The device of claim 32, wherein said means for 
modifying the frequency comprises an electro-optical modulator. 

36. (New) The device of claim 35, wherein said electro-optical 
modulator is a semiconductor modulator. 

37. (New) A radar device having an ultrahigh frequency emitting 
device as in claim 25, with said laser emitters being assembled in an array, a 
coupling or transmission by optical fibers being implemented between the said 
elements thereby imposing phase delays, and means for mixing the emitted beams. 

38. (New) A radar device having an ultrahigh frequency emitting 
device as in claim 25, with said laser emitters being assembled in an array and 
multiplexed by a multiplexer, an optical fiber connecting the multiplexer and a 
demultiplexer. 
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39. (New) The radar device of claim 37, wherein said frequency 
slaving means is arranged in an array. 

40. (New) The radar device of claim 37, wherein said frequency 
slaving means comprises means for forming a beat signal from the beams emitted 
by said first and second lasers of each said laser emitter pair, and means for 
adjusting the emission frequency of one said laser emitters of said laser emitter pair 
according to the beat signal, said beat signal formmg means being merged with said 
means for mixing either the beam emitted by the first laser and each of the N 
delayed beams, or each of the beams emitted by said fnst emitters, with each of the 
beams emitted by said second emitters and delayed by the elements making it 
possible to impose a phase delay. 

41. (New) The device of claim 38, wherein each said laser emitter 
has a cavity and wherein said cavities of said laser emitters are shifted frequency- 
wise with respect to one another. 

42. (New) The device of claim 41, wherein said cavities are shifted 
frequency-wise by adjustment of their length. 

43. (New) The device of claim 42, wherein each said laser cavity is 
associated with a Bragg grating type mirror, implemented on a corresponding guide 
of said multiplexer. 

44. (New) The radar device of claim 38, wherein said frequency 
slaving means is arranged in an array. 

45. (New) The radar device of claim 38, wherein said frequency 
slaving means comprises means for forming a beat signal from the beams emitted 
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by said first and second lasers of each said laser emitter pair, and means for 
adjusting the emission frequency of one said laser emitters of said laser emitter pair 
according to the beat signal, said beat signal forming means being merged with said 
means for mixing either the beam emitted by the first laser and each of the N 
delayed beams, or each of the beams emitted by said first emitters, with each of the 
beams emitted by said second emitters and delayed by the elements making it 
possible to impose a phase delay. 



application. Claims 1-24 have been cancelled without prejudice. Claims 25-45 
have been added in this amendment. 



application as originally filed, including the specification, claims and drawings, and 
that this Amendment does not add any new subject matter to the application. 
Consideration of the application as amended is requested. It is submitted that this 
Amendment places the application in suitable condition for allowance; notice of 
which is requested. 



be expedited by way of an Examiner's amendment, the Examiner is invited to 
contact the Applicant's attorney at the telephone number listed below. 



REMARKS 



After entry of this amendment, claims 25-45 are pending in the 



It is submitted that this Amendment has antecedent basis in the 



If the Examiner feels that prosecution of the present application can 



Respectfully submitted, 




Linda M. Deschere 
Attorney for Applicant(s) 
Registration No. 34,811 
(248) 649-3333 



YOUNG & BASILE, P.C. 
3001 West Big Beaver Rd., Suite 624 
Troy, Michigan 48084-3107 
Dated: April 27, 2000 
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IMPLEMENTATION OF ULTRAHIGH FREQUENCY EMITTERS AND 
APPLICATIONS TO RADARS AND TELECOMMUNICATIONS 

DESCRIPTION 

TECHNICAL FIELD AND PRIOR ART 

The invention concerns the field of optical sources, 
and their use as components in ultrahigh frequency 
emitter arrays. 

Ultrahigh frequency emitters making use of optical 
sources are used in the field of optical ultrahigh 
frequency telecommunications, as described in the 
document by G. Grosskopf entitled "Optical fibres 
deliver microwave broadcasts" published in O.L.E., 
September 1996, p. 55-61. 

One possible application of the invention is therefore 
"picocellular radiotelephony" with the use of the fibre 
telecommunication network as the channel for 
transporting information to the radiating points. 

The generation of ultrahigh frequency signals by 
optical signal heterodyning requires light sources of 
the laser source type, shifted frequency-wise by the 
value of the ultrahigh frequency sought. 
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This frequency shift can be obtained in different ways: 

a) with two lasers, there can be obtained, if they have 
slightly different optical cavity lengths, two emitters 
with slightly shifted wavelengths, and therefore with 
emission frequencies capable of differing by that of 
the ultrahigh frequency to be generated. 

This principle of the optical transportation of 
ultrahigh frequency signals is shown in Figure 1. 

Two optical sources 2, 4, emit respectively radiation 
at the frequency Q and Q+G) and are coupled to a mixer 
6 (a photodiode) by means of optical fibres 8, 10. The 
part 12, situated beyond the mixer, forms the antenna. 
A device 14 makes it possible also to slave the two 
lasers frequency-wise. 

b) Within a single laser cavity, it is possible to make 
two modes of oscillation coexist simultaneously (with 
orthogonal, linear or circular polarization states), 
whose frequency difference can be adjusted to the value 
of the ultrahigh frequency sought. Such a system is 
for example described in the document by M. Brunei et 
al. entitled ^"^ Differential measurement of the coupling 
constant between laser eigenstates" published in 
Applied Physics Letters, vol. 70, no. 16, April 1997. 

Other methods are known, like the use of an optical 
frequency shifter (typically, an acousto-opt ical 
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modulator) for obtaining two sources shifted frequency- 
wise. This technique is not compatible with the 
frequencies sought (« 10 GHz) . 

All the known devices pose a problem of size. 

Moreover, in the known devices, correction devices are - 
necessary on account of the over-large spectral width 
of the optical signal. 

Finally, laser diodes, used in the majority of cases, 
are in general modulated frequency-wise by their supply 
current, and therefore also, simultaneously, emission 
amplitude-wise . 

Another example field of application of the invention 
is the radar field. 

Modern radars use a so-called active antenna design in 
which the angular scanning function of the antenna is 
obtained not by rotation of the antenna itself but by 
that of its emission wave plane. The wave plane 
results from a phasing - in the direction sought - of 
elementary waves issuing from various radiating 
elements of the antenna. The phasing is generally 
obtained by the adjustment of delays on the transport 
routes of the different ultrahigh frequency signals. 
Figure 2 shows this principle schematically. 



B 12 8 4 3.3 PV 



4 



The radiation produced by an emitter 13 is divided into 
n beams each passing through means 15, 17, 19, 21 for 
imposing a delay on them. The wave 23 emitted by the 
antennas 25 has its wave plane modified according to 
the different delays imposed. 

The necessity of having a greater and greater number of 
radiating antenna elements in order to improve, 
notably, the angular resolution (2000 emitters are 
spoken of) , and the need to provide an accurate 
management of the delays, lead to a complexity of the 
system which is difficult to control with conventional 
ultrahigh frequency techniques (sizes and weights 
incompatible with the requirement of certain devices, 
airborne devices notably) . 

DESCRIPTION OF THE INVENTION 

The present invention concerns the use of components in 
an array, in planar and collective manufacturing 
technologies for implementing ultrahigh frequency 
emitters . 

The invention therefore concerns an ultrahigh frequency 
emitting device having a number of lasers and N means 
making it possible to impose phase delays on the path 
of N laser beams, these means being implemented in an 
array or a bar. 



B 12843.3 PV 



5 



The invention concerns in particular an ultrahigh 
frequency emitting device, having: 

- at least a first and a second laser, emitting at two 
different frequencies coi and CO2/ 

- means of slaving the first and the second laser 
frequency-wise, 

- a mosaic or a bar or an array of N elements (N > 2) 
placed on the path of the beam of the second laser, 
each element making it possible to impose a phase delay 
on the beam or the portion of beam which passes through 
it, 

- N means for mixing the beam emitted by the first 
laser and each of the N delayed beams, and for 
producing N signals of frequency C0i-(B2, 

- N antenna-forming means for emitting radiation at the 
frequency CO1-CO2, 

The invention also concerns an ultrahigh frequency 
emitting device, having: 

- a plurality of N laser emitter pairs, implemented in 
a mosaic or an array or a bar, each laser emitter pair 
having a first and a second laser emitter emitting at a 
first and a second frequency coi, ©2, which are 
different , 
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- an array or a bar of N elements, each of thera being 
placed on the path of the second laser emitter of one 
of said laser emitter pairs, and each element making it 
possible to impose a phase delay on the beam of said 
second laser emitter, 

- means of slaving each laser emitter pair, frequency- 
wise and phase-wise, 

- N means for mixing each of the beams emitted by the 
first emitters of the N laser emitter pairs with each 
of the beams emitted by the second emitters of the N 
laser emitter pairs and delayed by the elements making 
it possible to impose a phase delay, and for producing 
N signals at the frequency aj-Gizr 

- N antenna-forming means for emitting radiation at the 
frequency 001-02. 

The invention is based on a principle of ultrahigh 
frequency electromagnetic wave generation (a frequency 
which may reach several hundred GHz) by means of the 
beating - the heterodyning - of at least 2 
electromagnetic waves in the optical domain (of much 
higher frequencies, of the order of 10^'' Hz), generated 
by lasers. The use of elements in mosaics or arrays, 
for imposing phase delays, allows the implementation of 
a compact device. 
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The detection of frequency beats (a mixing function) is 
generally provided by a photodiode whose current is a 
non-linear function of the electromagnetic field. 

One of the advantages of the invention is the 
possibility of "transporting" ultrahigh frequency 
signals with a low attenuation per unit length by 
virtue of an optical "carrier". The attenuation per 
unit length in the fibres is in fact only of the order 
of 0.1 dB/km whereas it is 0.1 dB/m in an ultrahigh 
frequency conductor (coaxial) . 

According to another aspect, the laser sources can be 
microlasers or VCSELs (vertical cavity surface emitting 
lasers) . These components are also compatible with a 
collective implementation, in the form for example of 
mosaics or arrays. 

The device according to the invention then does not 
require any device for correcting the received signal. 

This is because the chip laser sources (or microlasers) 
have a very small emission line width, of the order of 
a few hundred KHz, much lower than that of laser diodes 
(MHz) or that of VCSELs (also MHz) . 

Furthermore, chip lasers can be modulated (optical) 
emission frequency-wise with no "crossed amplitude 
modulation" (which is not the case for laser diodes 
which are in general modulated frequency-wise by their 
supply current, and therefore also emission amplitude- 
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wise) . This frequency modification is for example 
obtained by electro-optical type modulation of the 
optical length of the microlaser cavity. 

The invention also concerns an ultrahigh frequency 
emitting device, having: 

- a plurality of N laser emitter pairs, implemented in 
a mosaic or an array or a bar, each laser emitter pair 
having a first and a second laser emitter emitting at a 
first and a second frequency" ©i, ©2, which are 
different , 

- means for slaving each laser emitter pair frequency- 
wise, 

- means for modifying the frequency of one of the laser 
emitters of at least one laser emitter pair with 
respect to the frequency of the other laser emitter of 
said laser emitter pair, 

- N means for mixing each of the beams emitted by the 
first emitters of the N laser emitter pairs with each 
of the beams emitted by the second emitters of the N 
laser emitter pairs and for producing a signal at the 
frequency C0i-ro2r 

- N antenna-forming means for emitting radiation at the 
frequency CO1-CO2. 
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This device also has good compactness, on account of 
the structure of the laser emitters in a bar or a 
mosaic or an array. Moreover, the use of means for 
modifying the frequency of one of the laser emitters 
with respect to the frequency of the other emitter 
makes it possible to obtain a slippage of the phase of 
one of the laser emitters with respect to the phase of 
the other laser emitter. It is then no longer 

necessary to use specific means of varying the phases 
of the beams emitted by the lasers, as in the previous 
embodiments. Finally, the invention also concerns a 
radar device having an ultrahigh frequency emitter as 
described above. 



The lasers or the laser emitters can be assembled in an 
array, a coupling or transmission by optical fibres 
being implemented between the elements making it 
possible to impose phase delays and the means for 
mixing the emitted beams. 

The frequency slaving means can also be assembled in an 
array . 

Finally, the beat signal forming means can be merged 
with the means for mixing either the beam emitted by 
the first laser and each of the N delayed beams, or 
each of the beams emitted by the first emitters of the 
N laser emitter pairs with each of the beams emitted by 
the second emitters of the N laser emitter pairs and 
delayed by the elements making it possible to impose a 
phase delay. 
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According to another aspect, the lasers or the laser 
emitters are assembled in an array and multiplexed by a 
multiplexer, an optical fibre connecting the 
multiplexer and a demultiplexer. 

For this, laser sources shifted optical frequency-wise, 
by the multiplexing step, can be implemented. To that 
end, an adjustment of the cavity length is implemented: 
each laser cavity has, for example, associated with it 
a Bragg grating type mirror implemented on a 
corresponding guide of the multiplexer. 

The invention therefore also concerns an optical device 
having : 

lasers or laser emitters (microlasers or laser 
diodes) implemented in a mosaic or an array, 

a multiplexing device having integrated optical 
guides, each optical guide corresponding for example to 
a laser source or a laser emitter or a laser cavity, 

a Bragg grating type mirror, implemented (for 
example: etched) on each guide of the multiplexing 
device . 

BRIEF DESCRIPTION OF THE FIGURES 
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In any case, the characteristics and advantages of the 
invention will emerge more clearly in the light of the 
description which follows. This description concerns 
the example embodiments, given by way of a non- 
limitative explanation, referring to accompanying 
drawings in which: 

- Figure 1 illustrates the principle of the optical 
transportation of ultrahigh frequency signals with two 
lasers , 

- Figure 2 depicts schematically the principle of an 
active antenna. 

Figures 3A and 3B depict one embodiment of the 
invention, 

- Figure 4 depicts an electro-optical device, 

- Figure 5 depicts an array of phase shifters, 

- Figures 6A and 6B depict another embodiment of the 
invention, with an array of emitter pairs, the 
associated phase modulation means also being in an 
array structure, and the scheme for frequency slaving 
of the emitters, 

- Figure 7 depicts means for the phase slaving of the 
signal of a device according to the invention. 
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- Figure 8A depicts an intra-cavity electro-optical 
modulator, 

- Figure 8B depicts microlaser sources slaved phase 
difference-wise, by frequency drift, 

- Figure 9 depicts the frequency slaving of the device 
of Figure 8B, 

- Figure 10 depicts an active antenna radar operating 
using optical heterodyning, with microlaser sources, 

- Figure 11 depicts a microlaser cavity equipped with 
an electro-optical modulator and associated with an 
analyzer. 

Figure 12 depicts a device according to the 
invention, with wavelength multiplexing in order to 
reduce the number of optical fibre channels, 

- Figures 13A and 13B depict microlasers equipped with 
grating type mirrors. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

A first embodiment of the invention will be described 
with relation to Figure 3A. 

Two lasers 22, 24 emit at two different frequencies: Q 
and Q+co. On the path of one of them there are placed 
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means 52, 54, 56, 58 for generating phase delays. The 
laser beams are transmitted by fibres 42, 44, 46, 48, 
50 to mixers (optical photodetectors ) 26, 28, 30, 32. 
The parts 34, 36, 38, 40 situated beyond the mixers 
constitute the antennas. 

The two laser sources 22, 24 are slaved frequency-wise. 
The slaving is depicted schematically by the reference 
25 in Figure 3A. More precisely, it comprises (Figure 
3B) a photodiode 27 which receives a portion of each of 
the beams emitted by the lasers 22, 24 and which 
produces a beat signal which serves as an input signal 
of a comparator 29. An ultrahigh frequency reference 
source 31 delivers its signal to the other input of the 
comparator 29. The latter produces an output signal 
used for controlling the frequency of the laser 24, for 
example by controlling an element 33 for adjusting the 
optical length of the cavity of the laser 24. Such an 
element is for example of the electro-optical or 
magneto-optical type. 

An electro-optical element 60 is depicted in Figure 4. 
A voltage is applied to it by means of electrodes 68, 
70. The optical path of the laser beam is modified by 
the application of a voltage between the electrodes 68, 
70. This is because there results therefrom a field E 

A^n^E , . ^1 ■ ^ £ 

and an index n„ = n„ , where ne is the index of 

2 

the material 66 in the absence of any field, rjs is the 
electro-optical coefficient, and E is the applied 
field. 
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There thus results therefrom a modification of the 
optical length of the cavity of the laser, and 
therefore of its emission frequency. 

The electro-optical material 66 is, typically, LiNbOs 
or LiTaOa or any material whatsoever having a 
significant variation of its index under the action of 
an electric field (possibly a semiconductor) . 

The means 52, 54, 56, 58 are implemented in bar or 
array form. These means can be of the magneto-optical 
or electro-optical type. Figure 5 depicts four 

electro-optical elements 52, 54, 56, 58 placed on a 
support 59 (transparent to the desired wavelength) , on 
which they are, for example, glued. The electro- 
optical materials are, furthermore, compatible with a 
collective implementation. Wafer manufacturing 

technologies make it possible to obtain simply, by 
sawing or polishing and sawing, the geometries of the 
modulators in bars or arrays on their support 59: there 
is then no longer any need of gluing steps. 

According to one particular embodiment, the invention 
uses "chip" lasers, or microlasers. The structure of 
microlasers will first be reviewed. 

It is described, for example, in the article by J.L. 
Aubert, entitled "Q-switched microchip lasers bring new 
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applications to light" published in "Laser Focus 
World", June 1995. 

The chip laser is a solid laser pumped by diode via, or 
not, an optical fibre. All the elements constituting 
the laser (amplification medium, mirrors, modulators, 
etc.) are integrated in a small volume {< mm^) in order 
to form a compact monolithic assembly. The laser 
mirrors are, for example, directly affixed on the laser 
material, which is dielectric. 

Conventionally, the laser material, constituting the 
active medium, is doped with neodymium (Nd) for a laser 
emission around 1.06 |Lim. This material can be chosen, 
for example, from amongst one of the following 
materials: YAG (Y3AI5O12), LMA (LaMgAlnOig) , YVO4, YSO 
(YsSiOs), YLF (YLiF^) or GdV04, etc. It can also be a 
glass . 

For emissions at other wavelengths, different dopants 
are chosen. In general, the active ions are chosen 
from amongst: 

- Nd for an emission around 1.06 \xm (1.064 \xm) , and 
around 1 . 3 )j,m, 

- Er or an Er+Yb erbium-ytterbium co-doping for an 
emission around 1.5 p-m, 

- Tm or Ho or a co-doping of thulium and holmium for an 
emission around 2 jiim. 
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Depending on the nature of the laser material and the 
doping, various emission wavelengths are therefore 
possible. The two wavelengths 1.3 jam and 1.5 \m are 
advantageous for application to ultrahigh frequency 
transport by optical routes, since they are situated 
within the windows identified for applications to 
optical telecommunications (availability of specific 
components assured by this market) . 

Various specific developments (stable cavities, 
frequency modulation, etc.) have been implemented 
around the basic structure of microlasers. 

In particular, the document EP-653 824 describes a 
microlaser with passive triggering for a saturable 
absorber. The document EP-724 316 describes a 

monolithic solid microlaser with active triggering by a 
low control voltage. 

The documents cited above, incorporated by reference in 
the present description, also give methods of 
implementing microlasers. These methods are collective 
and make it possible to implement many microlasers 
simultaneously. 

In particular, microlaser bars or arrays can be 
implemented: for this, all that is required is to 
modify the cutting step in the collective 
implementation method. 
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These microlasers can be incorporated in a device of 
the type described above with relation to Figure 3A. 
The structure of the microlasers in an array is 
compatible with the array structure of the means 52, 
54, 56, 58. 



Also, instead of microlasers, VCSEL (vertical cavity 
surface emitting laser) arrays can be used, which can 
themselves also give rise to an array or bar 
implementation . 

In all cases, the use of laser emitters in arrays or 
bars, in combination with the phase delay means, 
themselves implemented in arrays or bars, makes it 
possible to obtain an ultrahigh frequency emitting 
device which is very compact, and therefore compatible 
with the applications (for example, "radar" type 
applications) where a very large number of emitters is 
required . 



The phase modulator described previously is positioned 
"downstream" of two sources slaved frequency 
difference-wise. It can also be advantageously used 
downstream of an assembly of a number of emitter pairs 
as far as the latter are slaved phase-wise (low-speed 
slaving, capable of being obtained in various ways: for 
example, thermally or electro-optically , as described 
later) . In this case, the topology of the system is 
that shown schematically in Figure 6A, one of the two 
beams of each pair of sources passing through a phase 
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delay element 52, 54, 56, 58. Each pair is slaved 
frequency-wise in the manner described above with 
relation to Figure 3B, the ultrahigh frequency 
reference source possibly being common to all the 
emitter pairs. 

An array of emitters 61-2, 62-2, 63-2, 64-2 (the 
emitters 61-1, 62-1, 63-1, 64-1 are not depicted) on a 
wafer, with associated phase modulation means 52, 54, 
56, 58, themselves also in an array structure, is 
illustrated in Figure 7. 

From a practical point of view, this topology has the 
advantage, by putting the sources in parallel, of 
providing a higher optical - or ultrahigh frequency - 
power, while retaining an overall array configuration. 

More precisely, the slaving function has, as 
illustrated in Figures 6A and 6B, two levels: 

1) a first frequency difference slaving 66, 68, 70, 72, 
of the optical sources, fixed on an ultrahigh frequency 
reference source; this first level of slaving has 
already been described above (Figure 3B) . 

2) a second slaving, of the phase difference of the 
optical sources between one another, implemented by the 
use, for the different microlaser pairs, of a common 
ultrahigh frequency reference source 31. 
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This ultrahigh frequency source 31 sends a common 
reference signal to all the microlaser pairs 62-1, 62- 
2, 63-1, 63-2, 64-1, 64-2. 

The resulting signal can itself be controlled so as to 
allow modulation of the direction of the plane 23 of 
the emitted wave (see Figure 2) . To this end (Figure 
7), photodiodes 74, 76 take off the signals issuing, 
for example, from neighbouring modulator pairs 56, 58 
or 52, 54 in order to form a beat signal from the 
microlaser pair beams. Each of these signals is sent 
to means 78 which detect the frequency and phase 
difference with the reference source 31 and correct 
this difference by voltage control of each of the 
electro-optical modulators. 

The same type of slaving can be used for the device of 
Figure 3A. But it is less necessary since the phase 
rotation is then imposed by the two sources. Phase 
control can therefore be applied, in this case, with no 
slaving . 

A variant of Figure 6A would consist of placing a phase 
delay element for each beam of each source pair, for 
example a phase delay of +(p/2 on the path of the beams 
issuing from the sources 61-1, 52-1, 63-1 and 64-1 and 
a delay of -9/2 on the paths of the beams issuing from 
the sources 61-2, 62-2, 63-2, 64-2. More generally, a 
symmetrical and differential phase shift can be 
implemented on the two routes. 
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In the embodiments described above, the sources are 
considered as fixed frequency-wise and phase-wise (by 
slaving) . The phase of the multiple ultrahigh 

frequency emitters can be modified by making the 
relative frequency of each of the emitter pairs slip 
(for a short time). The advantage, for phase 

modulation, of this frequency drift approach lies in 
the capability of modifying the phase in values much 
greater than +/-n (unlike direct modulation) . 



Optical frequency "drift" of the lasers can be 
obtained, as shown schematically in Figure 8A, by 
modifying the optical length of their cavity. This 
modification of optical length is for example obtained 
by an electro-optical effect of the type of those 
already mentioned previously. The laser active medium 
80 and the electro-optical material 82 both form part 
of the microlaser cavity delimited by the cavity 
mirrors 83, 85. Here again the optical components for 
microlaser with modulator are compatible with a 
collective implementation. The application of a 

voltage between the electrodes 84, 86 brings about a 
variation in index of the electro-optical material 82, 
and therefore in the optical length of the microlaser 
cavity . 



There results therefrom a variation in the emission 
frequency of the laser. In practice, the system has 
the overall structure depicted in Figure 8B, a 
structure in which an electro-optical element on the 
path of the laser beams no longer appears: a phase 
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relationship is imposed between two laser sources by 
making the frequency of one of the lasers slip until 
the desired phase difference is reached. For example, 
means 88, 90 (to give examples) can be placed on each 
route (see Figure 9) in order to impose a phase delay 
of the ultrahigh frequency reference signal. The 
"slippage" of the phase of the reference brings about a 
slippage of the frequency of the laser (since the 
reference signal of the corresponding comparator is 
modified) , and therefore a slippage of the phase of one 
laser with respect to the other. The frequency 
slippage control can for example be obtained by a 
phase-locked loop (PLL) controlled by an antenna 
orientation control centre 91. 

In Figure 8B, the reference 65 designates a device 
providing a phase reference. 

It is sought to reduce, as far as possible, the control 
voltage of the device 82 of Figure BA by bringing the 
electrodes 84, 86 closer together. In the case 

depicted (of a configuration for modulation at right 
angles to the axis of the laser) , the cross-section of 
the laser beam can thus be decreased by the use of a 
so-called stable laser cavity configuration. A typical 
value of the modulation voltage - for the case of 
crystals - is then 10 MHz/V. 

Each radiation source pair can advantageously be 
replaced by a dual frequency source. The frequency- 
wise and phase-wise slaving is then the same as that 
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described above, but the device obtained is even more 
compact and the slaving is less constrained since any 
drift on the cavity of the lasers has a second order 
effect on the frequency difference of the double 
emitters. Dual frequency laser sources are described 
in the article by M. Brunei et al. already cited above. 

Furthermore, Figure 8 gave the example of an electro- 
optical modulation. A semiconductor modulation can 
also be implemented, with the advantage of a modulation 
passband intrinsically higher than that obtained with 
electro-optical crystals. Moreover, a planar and more 
compact geometry is then obtained. 

Another application of the invention concerns radar 
systems . 

The collective manufacturing technology for the phase 
modulators is advantageous - for the radar application 
- through the array aspect of the structure which this 
makes possible to obtain. Furthermore, the collective 
manufacturing technology for the microlasers is also 
advantageous in view of this application. This source 
structure (with phase modulation external or internal 
to the cavity) can be added to by system functions 
like, for example, those of slaving of the frequency, 
management of the phases with respect to a reference 
signal, or connection to the optical fibres for 
transporting the ultrahigh frequency information. The 
end result is a system composed of the superposition of 
multiple "slices" with an optical or electronic 
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function, which are extremely compact despite the 
complexity aimed at (slaving of several thousand 
ultrahigh frequency emitters) . 

Figure 10 depicts schematically a radar system based on 
the optical ultrahigh frequency routes being 
implemented in array form. A variant with bars can be 
implemented to optimize the manufacturing costs. 

The device depicted has means 92 for coupling fibres 94 
conveying pumping beams issuing from an array of 
pumping diodes (not depicted in Figure 10) . The 
pumping beams are next directed to an array 96 of chip 
lasers (or microlasers or VCSELs) provided with an 
array 98 of phase and/or amplitude modulation means. 
The reference 100 designates an array of means for 
acting on the phase and/or amplitude slaving of the 
chip lasers. The phase slaving means are for example 
means of the type of those already described above. 

In particular, phase and/or amplitude set points are 
regulated by beat signals coming from diodes which can 
be situated either on the path of the laser beams 
(upstream of the optical fibres) or at the end of the 
chain, the slaving diodes then being merged with the 
antenna diodes of the array 104. This second 

possibility makes it possible to take into account 
phase delays connected with the optical fibres 102. 
The beat signal is, in all cases, sent back to the 
slaving means of the array 100. In the second case, it 
can be sent back by the fibres 102 or by separate 
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optical fibres. The optical fibres 102 make it 

possible to transport the modulated beams to an array 
104 of photodiodes, which have a beam mixing function. 
These are means of detecting beat signals with a view 
to phase and/or amplitude slaving. The reference 106 
designates an array of active antennas provided with a 
suitable electronic amplification. 

Amplitude adjustment of the different emitters can be 
implemented by modulation of the pump power of the 
lasers. The modulation frequency performance is 

however then limited (< a few 100 kHz) for reasons 
inherent in the laser material (level life time, in 
particular) . 

Amplitude modulation of the sources is therefore 
preferably implemented by electro-optical modulation. 
A description of this type of modulation is given in 
the work by A. Orszag and G. Heppner entitled "Lasers 
and their applications", Masson, p. 1450, 1980. 

As illustrated in Figure 11, an electro-optical 
modulator is based on the change in polarization 
direction of a light wave upon passing through an 
anisotropic medium 108, as a function of an external 
electrical field applied by means of electrodes 110, 
112. The effect of this change in polarization 

direction - analyzed by means of a linear polarizer 114 
- is an amplitude modulation of the optical signal. 
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Preferably, the analyzer 114 is assembled on the 
electro-optical material 108. 

On the assumption that the laser wave is not perfectly 
polarized on entry to the modulator, a polarizer 
(analogous to that of the analyzer) can be introduced 
upstream of the modulator. 

Consequently, Figure 10 describes the overall structure 
of an active antenna radar operating using optical 
heterodyning. The phase and/or amplitude modulation or 
control means can be situated upstream of the optical 
fibre transportation of the ultrahigh frequency 
signals. They can also (this is the case depicted in 
Figure 10) be positioned in a distributed fashion 
between the upstream and the downstream of the fibre 
network: upstream of the fibres, the means of acting on 
the phase and amplitude of the waves is then found; 
downstream, the means of detecting the difference from 
the "slaving set point", this set point, and the 
difference from this set point, possibly being 
advantageously transmitted by the fibre network. 

In the structure of the system described above in 
relation to Figure 10, there appear as many optical 
fibres as ultrahigh frequency routes to be implemented 
(that is, for example, 2000 in an "objective" 
configuration) . It is possible to reduce the number of 
these fibres by wavelength multiplexing (as performed 
in telecommunication with multiplexers, of "Phasar" 
type for example) . 



B 12843.3 PV 



26 



For this, chip laser sources are implemented, shifted 
optical frequency-wise by the multiplexing step 
(typically 0.8 nm) , by adjustment, for example, of 
their cavity length. 

Figure 12 shows this approach schematically with the 
implementation of dual frequency chip laser sources: 
the microlaser 116 emits at the frequencies Qi and 
Qi+o, the microlaser 118 at the frequencies Q2 and 
Q2+<o, etc. The reference 124 designates an optical 
multiplexer and the reference 126 a demultiplexer. 

A phase reference can be obtained for each of the 
microlasers, as already described previously. A means 
for providing a phase reference is indicated in Figure 
12 by the reference 131. Each of the demultiplexed 
beams is next detected by a photodetector 128, 130, 
132, 134. 

From a practical point of view, adjustment of the 
lengths of the different cavities can be implemented by 
a "distributed" cavity. As illustrated in Figure 13A, 
each laser cavity 136 has associated with it a Bragg 
grating type mirror 138, advantageously implemented on 
the corresponding guide (in integrated optics) of the 
multiplexing device. Figure 13B depicts a microlaser 
assembly 140, the corresponding wave guides 142 and the 
grating 144 etched on the wave guides. Laser diodes 
are compatible with this scheme, as a replacement for 
the microlasers. But coupling of microlasers is easier 
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to implement and, furthermore, microlasers are purer 
spectrally. Finally, dual frequency lasers can also be 
used . 

The invention therefore also concerns an optical device 
having : 

lasers or laser emitters (microlasers or laser 
diodes) implemented in a mosaic or an array, 

a multiplexing device having integrated optical 
guides, each optical guide corresponding for example to 
a laser source or a laser emitter or a laser cavity, 

a Bragg grating type mirror, implemented (for 
example, etched) on each guide of the multiplexing 
device . 
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CLAIMS 

1. An ultrahigh frequency emitting device, having: 

- at least a first and a second laser (22, 24), 
emitting at two different frequencies ©i and (^2, 

- means (25) of slaving the first and the second laser 
frequency-wise, 

- a mosaic or an array or a bar of N elements (N > 2) 
(52, 54, 56, 58) placed on the path of the beam of the 
second laser, each element making it possible to impose 
a phase delay on the portion of beam which passes 
through it, 

- N means (26, 28, 30, 32) for mixing the beam emitted 
by the first laser and each of the N delayed beams, and 
for producing N signals of frequency coi-coa, 

- N antenna-forming means (34, 36, 38, 40) for emitting 
radiation at the frequency (O1-CO2. 

2. A device according to Claim 1, the lasers (22, 24) 
being microlasers. 

3. A device according to either of Claims 1 or 2, the 
frequency slaving means having means (27, 29, 31) for 
forming a beat signal from the beams emitted by the 
first and second lasers (22, 24), and means for 
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adjusting the emission frequency of one of the lasers 
according to the beat signal. 

4. A device according to Claim 3, the means for 
adjusting the emission frequency of one of the lasers 
according to the beat signal having means (29) for 
carrying out a comparison between the beat signal and a 
reference signal provided by a reference source (31) , 
and means (33) for modifying the optical length of the 
cavity of the laser whose emission frequency is to be 
adjusted. 



5. A device according to Claim 4, the means for 
modifying the optical length of the cavity of the laser 
whose emission frequency is to be adjusted having an 
electro-optical (60) or magneto-optical or thermo- 
optical element. 

6. An ultrahigh frequency emitting device, having: 

- a plurality of N laser emitter pairs (61-1, 61-2; 62- 
1, 62-2; 63-1, 63-2; 64-1, 64-2), implemented in a 
mosaic or an array or a bar, each laser emitter pair 
having a first and a second laser emitter emitting at a 
first and a second frequency coi, (S)2, which are 
different. 



- a mosaic or an array or a bar of N elements (52, 54, 
56, 58), each of them being placed on the path of the 
second laser emitter of one of said laser emitter 
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pairs, and each element making it possible to impose a 
phase delay on the beam of said second laser emitter, 

- means (31, 78) of slaving each laser emitter pair, 
frequency-wise and phase-wise and possibly amplitude- 
wise, 

- N means for mixing each of the beams emitted by the 
first emitters of the N laser emitter pairs with each 
of the beams emitted by the second emitters of the N 
laser emitter pairs and delayed by the elements making 
it possible to impose a phase delay, and for producing 
N signals at the frequency CO1-CO2, 

- N antenna-forming means for emitting radiation at the 
frequency C0i-C02- 

7. A device according to Claim 6, the laser emitters 
being microlasers. 

8. A device according to Claim 6 or 7, the elements 
making it possible to impose a phase delay being 
electro-optical or magneto-optical or thermo-opt ical 
elements . 

9. A device according to one of Claims 6 to 8, the 
frequency slaving means having means for forming a beat 
signal from the beams emitted by the first and second 
lasers of each laser emitter pair, and means for 
adjusting the emission frequency of one of the laser 
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emitters of the laser emitter pair according to the 
beat signal. 

10. A device according to Claim 9, the means for 
adjusting the emission frequency of one of the lasers 
according to the beat signal having means for carrying 
out a comparison between the beat signal and a 
reference signal provided by a reference source, and 
means for modifying the optical length of the cavity of 
the laser emitter whose emission frequency is to be 
ad j usted . 

11. A device according to Claim 10, the reference 
source being common to all the laser emitter pairs. 

12. A device according to one of Claims 6 to 11, also 
having means for slaving the delay imposed by at least 
one of the elements of the array, or bar, of N phase 
delay elements according to a beat signal between the 
beam which passes through said phase delay element of 
the array and another beam. 

13. An ultrahigh frequency emitting device, having: 

- a plurality of N laser emitter pairs (60-1, 60-2; 61- 
1, 61-2; 62-1, 62-2; 63-1, 63-2; 64-1, 64-2), 
implemented in a mosaic or an array or a bar, each 
laser emitter pair having a first and a second laser 
emitter emitting at a first and a second frequency ©i, 
©2, which are different. 
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- means for slaving each laser emitter pair frequency- 
wise, 

- means for modifying the frequency of one of the laser 
emitters of at least one laser emitter pair with 
respect to the frequency of the other laser emitter of 
said laser emitter pair, 

- N means for mixing each of the beams emitted by the 
first emitters of the N laser emitter pairs with each 
of the beams emitted by the second emitters of the N 
laser emitter pairs and for producing a signal at the 
frequency C0i-a)2^ 

- N antenna-forming means for emitting radiation at the 
frequency C0i-©2- 

14. A device according to Claim 13, the laser emitters 
being microlasers. 

15. A device according to Claim 13, the first and 
second laser emitters of each pair being constituted by 
a dual frequency source, emitting at the two 
frequencies coi and CO2 • 

16. A device according to one of Claims 13 to 14, the 
means for modifying the frequency of one of the laser 
emitters of at least one laser emitter pair with 
respect to the frequency of the other laser emitter of 
said laser emitter pair comprising an electro-optical 
modulator (82, 84, 86) . 
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17. A device according to Claim 16, the electro- 
optical modulator being a semiconductor modulator. 

18. A radar device having an ultrahigh frequency 
emitting device according to one of Claims 1 to 12, the 
lasers or the laser emitters (96, 98) being assembled 
in an array, a coupling or transmission by optical 
fibres (102) being implemented between the elements 
(100) making it possible to impose phase delays and the 
means (104) for mixing the emitted beams. 

19. A radar device having an ultrahigh frequency 
emitting device according to one of Claims 1 to 12, the 
lasers or the laser emitters being assembled in an 
array and multiplexed by a multiplexer (124), an 
optical fibre (125) connecting the multiplexer and a 
demultiplexer (126) . 

20. A radar device according to Claim 18 or 19, the 
frequency slaving means also being assembled in an 
array . 

21. A radar device according to one of Claims 18 to 
20, and according to one of Claims 3 or 9, the beat 
signal forming means being merged with the means for 
mixing either the beam emitted by the first laser and 
each of the N delayed beams, or each of the beams 
emitted by the first emitters of the N laser emitter 
pairs with each of the beams emitted by the second 
emitters of the N laser emitter pairs and delayed by 
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the elements making it possible to impose a phase 
delay. 

22. A device according to Claim 19, the cavities of 
the lasers or of the laser emitters being shifted 
frequency-wise with respect to one another. 

23. A device according to Claim 22, the cavities being 
shifted frequency-wise by adjustment of their length. 

24. A device according to Claim 23, each laser cavity 
having associated with it a Bragg grating type mirror 
(138, 144), implemented on a corresponding guide (142) 
of the multiplexer. 
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ABSTRACT 

The invention concerns an ultrahigh frequency emitting 
device, having: 

- at least a first and a second microlaser (22, 24) , 
emitting at two different frequencies <0i and CO2, 

- means of slaving the first and the second microlaser 
frequency-wise, 

- an array of N elements (N > 2) (52, 54, 56, 58) 
placed on the path of the beam of the second laser, 
each element making it possible to impose a phase delay 
on the beam which passes through it, 

- N means (26, 28, 30, 32) for mixing the beam emitted 
by the first laser and each of the N delayed beams, and 
for producing N signals of frequency Gii-mz, 

- N antenna-forming means (34, 36, 38, 40) for emitting 
radiation at the frequency ©i-Qa- 
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patent or inventor's certificate, or § 365 (a) of any PCT International application which designated at least one country other 
than the United States, listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application having a filing date before that of the application on which priority is 
claimed. Prior Foreign Application (s) 



Priority 

Application No. Country Day/monthA'ear Claimed 



97 14301 



FRANCE 



14 NOVEMBER 1 997 ^ YES □ NO 

□ YES □ NO 

□ YES □ NO 



MOLVA Engin 



NAME OF SECOND JOINT INVENTOR 



Signature of Inventor 

April iq, ?non 



Date 

THO NY Philippe^ 



NAME OF THIRD JOINT INVENTOR 



Signature of Ifwentor 



Pages of 3 



Residence : ^ 'P^C£L ^ ^;«A/ ho^C ^ 



Citizen of : 7^ TtAA/c^g 



Post Office Address : The same as residence 



Residence : Lq^s. f\iiS ^^r^^ % 

Ff2. A KJCg- ^^"^ — 

Citizen of : f^^f^r^ ./ h^Sr^ 

Post Office Address : The same as residence 



April 19. 2000 



NAME OF FOURTH JOINT INVENTOR 



Signature of Inventor 



Post Office Address : The same as residence 



NAME OF FIFTH JOINT INVENTOR 



Signature of Inventor 



Post Office Address : The same as residence 



Date 
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We (I) hereby claim the benefit under Title 35, United States Code, § 1 19 (e) of any United States provisional 
application(s) listed below. 



(Application Number) (Filing Date) 



(Application Number) (Filing Date) 

We (1) hereby claim the benefit under 35 U.S.C. §120 of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT International application in the maimer provided by the first 
paragraph of 35 U.S.C. § 112, 1 acknowledge the duty to disclose information which is material to patentability as defined in 37 
CFR § 1.56 which became available between the filing date of prior application and the national or PCT International filing 
date of this application. 

Status (pending, patented, 
Application Serial No. Filing Date abandoned) 



And we (I) hereby appoint the following attomey(s) and/or agent(s) Linda M. DESCHERE, Patent Office Registration 
No. 34JiJU_Thomas N. YOUNG, Patent Office Registration No.20,985_; Andrew R. BASILE, Patent Office Registration 
No_24J.53 iJVilliam M. HANLON, Jr., Patent Office Registration No^ 28,422 ; Marshall G. MacFARLANE, Patent Office 
Registration No30^03_^ Donald L. WOOD, Patent Office Registtation No. 20,0 1 4j Thomas D. HELMBODT, Patent 
Office Registration No^^_33J81j Todd L. MOORE, Patent Office Registration No. 36, 874j Thomas E. BEJIN, Patent 
Office Registration No. 37,089 ,; and Jason J. YOUNG, Patent Office Registration N<x_34j048jls our (my) attomey(s) 
and/or agent(s), to prosecute this application and to transact all business in the United States Patent and Trademark Office 
connected therewith. 

Send all correspondence to : Linda M. DESCHERE 

YOUNG & B ASILEJ^.C. 
_JOm_WestBigJBeav^^ 

TROY. MICH IGAN 48084-3107 (U.S.A.) 
Phone : (248) 649-3333" — 

We (I) declare that all statements made herein of our (my) own knowledge are true and that all statements made on 
mformation and belief are believed to be true ; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such wilfial false statements may jeopardise the validity of the application or any patent issuing 
thereon. 

..^ 

GIDON Serge n < ^ -f- r\ - 

Residence : g Lo PoAZT 

NAME OF FIRST SOLE INVENpFOR Q(0 Ux. Ylt^^Me 

~ ^rL^ro. ^ ' - ^(^\ 

_^ Citizen of : pr^^ ±^ 

Signature of Inventor -"^ 

Post Office Address : The same as residence 

April 19, 2000 

Date 




